Abstract. The expression of cytoplasmic dynein and kinesin in rat Sertoli cells was examined using immunohistochemistry with light and electron microscopies, and the existence of such bi-directional motors in the cells was confirmed. Cytoplasmic dynein was localized in the ectoplasmic specializations (ESs), mitochondria, and endoplasmic reticula. Among microtubules, an intense reaction of dynein was also detected, while, the reaction of kinesin changed in intensity in a stagedependent manner. The most distinct reaction of kinesin in Sertoli cells was detected at stages VII-VIII, while a weak reaction was observed at stages IX-XIV. No positive reaction was detected at stages I-VI. The intracellular localization of kinesin was detected in the ES (stage X) and endoplasmic reticulum, but a defined reaction was not observed among microtubules. These results suggested that an active bi-directional organelle transport is performed in rat Sertoli cells, and the system may relate to the elongation and release of spermatids, and to the migration of membranous organelles such as mitochondria and endoplasmic reticula. In addition, the sliding movement of microtubules may be carried out mainly by cytoplasmic dynein.
endoplasmic reticula. This junctional complex is visible not only in Sertoli-Sertoli cells, but also Sertoli cell-spermatids [5] . While the Sertoli-Sertoli ES should act as a barrier [6, 7] , Sertoli-spermatid ES is thought to support the elongation of spermatids by its localization along with elongating spermatids [1, [8] [9] [10] [11] . The bi-directional movement of elongating spermatids toward basal and apical ends of Sertoli cells may be attributed to the alignment of microtubules parallel to the long axis he physical effects of Sertoli cells to spermatids should contribute to their asymmetrical elongation and acrosomal inversion into the seminiferous epithelium toward the base of tubules. Evidence for this is the existence of ectoplasmic specialization (ES) [1] [2] [3] [4] , mainly composed of actin filament bundles and subsurface cisterned of the cell [2, 8, 9] . This event may occur by an ATP dependent motility system containing microtubule associated motor proteins [10, 12] .
The microtubule associated motor proteins cytoplasmic dynein and kinesin are related to the movement of intracellular organelles, as are microtubules [13] [14] [15] [16] . Cytoplasmic dynein and kinesin transport organelles toward the minus and plus ends of microtubules, respectively. In rat testes, the distribution of these motor proteins has been observed [17] , and cytoplasmic dynein was detected in Sertoli cells throughout all stages, while kinesin was localized only in spermatogenic cells [17] . However, the exact intracellular localization of microtubule-associated proteins in the cells still remains unclear. In this study, the intracellular localization of microtubule-associated motor proteins kinesin and cytoplasmic dynein was e x a m i n e d i n r a t S e r t o l i c e l l s u s i n g immunohistochemistry. The stage-dependent changes in the localization of both motor proteins were then observed, leading the conclusion that bi-directional transport by these motor proteins may be active in rat Sertoli cells.
Materials and Methods

Antibodies
Anti-bovine brain kinesin heavy chain monoclonal antibodies (MAbs; clone H1 and H2) (Chemicon Inc., U.S.A.) and anti-bovine brain cytoplasmic dynein 74 kDa intermediate chain MAb (clone 74.1) (Berkeley antibody company, U.S.A.) were used for the primary antibody. Antikinesin MAbs H1 and H2 were mixed in the same ratio before use. Alternatively, normal mouse Ig G 1 or Ig G 2b (ICN Pharmaceuticals Inc., U.S.A.) was used as the control primary antibody. For the secondary antibody, biotin-conjugated goat antimouse Ig G (Chemicon Inc., U.S.A.) was used.
Tissue preparation and immunohistochemistry
Three adult male Wistar rats (average weight of 350 g) were used in this study. They were purchased from Nihon Clea Inc., Japan. Under anesthesia with diethyl ether and pentobarbital, the animals were perfused with Ringer's solution followed by periodate-lysine-paraformaldehyde fixative. The testes were excised, cut into slabs and fixed in the same fixative at 4 C overnight.
After fixation, the specimens were washed with 0.1 M phosphate buffer (PB) containing 10% sucrose and then in graded concentrations of sucrose up to 20% for cryoprotection. They were then frozen with liquid nitrogen. The testes were sectioned at 8 µm by cryostat (Leica, Germany) and dried at room temperature for 30 min.
All steps of immunohistochemistry were carried out at 4 C. The sections were permeated with PBS twice and were blocked with Block Ace (Dainihon Seiyaku, Japan) for 1 h. They were incubated with diluted anti-kinesin MAb or anti-cytoplasmic dynein overnight. After washing with PBS, the sections were incubated with the secondary antibody (diluted 1:4000) for 8 h. Sequentially rinsed with PBS, they were incubated with streptavidin conjugated with horseradish peroxidase (Jackson ImmunoResearch Labs. Inc., U.S.A.). After washing again, they were fixed with 2.5% glutaraldehyde and 4% paraformaldehyde in 0.1 M PB for 10 min. After washing with PBS, they were placed in a reactive mixture with diaminobenzidine (DAB) for 30 min and then placed in a reactive mixture of DAB containing H2O2 for 5 min. For light microscopy, some of the specimens were mounted with glycerol. The other specimens were used for pre-embedding immunoelectron microscopy.
They were additionally fixed with 2% osmium tetroxide for 2 h, and they were dehydrated with sequentially graded ethanol and embedded in epoxy resin. The specimens were examined using a JEM-1200EX transmission electron microscope at 80 kV.
Results
Cytoplasmic dynein immunoreactivity was observed in Sertoli cells throughout the spermatogenic cycle. Their localization was almost restricted to the cytoplasm of Sertoli cells at the light microscopic level (Fig. 1A) . The most intense reaction was observed at stages XIII-XIV in Sertoli cells. In control specimens incubated with mouse Ig G 2b rather than the primary antibody, no reactivity was observed in the seminiferous epithelium (data not shown). At the electron microscopic level, positive reactions were clearly seen in microtubules nearby ESs (Fig. 2) . The reactivity persisted in membranous organelles, such as mitochondria, endoplasmic reticula and vesicles throughout all steps of the spermatid elongating process (Fig. 3) . Reactivity was visible in contacted organelle membranes and strongly accumulated among neighboring microtubules. A large amount of DAB cohesion was observed especially among microtubules (Fig. 4) . Then, the reactive areas extended to the apexes of Sertoli cells (Fig. 5) .
Kinesin immunoreactivity was detected in Sertoli cells in a stage-dependent manner at the light microscopic level (Fig. 1B) . Although the reaction was relatively weak compared with that of antidynein MAb immunoreactivity, the reaction in the Sertoli cell cytoplasm at stages VII-VIII was clearly positive. The reaction in Sertoli cells at stages IX-XIV was also positive, though weaker than at stages VII-VIII. At stages I-VI, no reaction was observed in Sertoli cells. At the electron microscopic level, kinesin reactivity was observed in ES after stage IX, but it was not observed in Sertoli cells in the early stages (Fig. 6) . Scattered reactions were shown in Sertoli cell cytoplasm after stage VII, localizing sporadically in the endoplasmic reticulum (Fig. 7) . 
Discussion
In this study, the localizations of the microtubuleassociated motor proteins cytoplasmic dynein and kinesin were shown in rat seminiferous epithelium, especially in Sertoli cells. The results of this study indicated that both cytoplasmic dynein and kinesin are expressed in the Sertoli cells.
Cytoplasmic dynein as a minus-end directed motor was detected in Sertoli cells throughout all stages. This result was virtually identical to that of Hall et al. [17] . In Sertoli cells, microtubules are aligned parallel to the long axis of the cells with their minus-end pointed toward the lumen. These findings indicated that intracellular organelle transport directed to the apical end of Sertoli cells may be active throughout the spermatogenic cycle. Various organelles, such as mitochondria [18] , the Golgi apparatus [19] , lysosomes [20] , and lipid droplets [21, 22] are bi-directionally transported in Sertoli cells in a stage-dependent manner [23] . In addition, Sertoli cells secrete various growth factors and related molecules. The cytoplasmic dynein expression throughout the cycle indicated that a dynein-dependent transport system may relate to the transport of more than one organelle. Immunoelectron microscopic analysis has supported this expectation. In the electron microscopic observations of this study, cytoplasmic dynein localizes in microtubules near ES, mitochondria and other membranous structures. In addition, microtubules aligned parallel with each other were strongly positive and they continued to the apical site of Sertoli cell. In nerve cells, cytoplasmic dynein transports the microtubules to the axon [24] . These observations indicated that cytoplasmic dynein in Sertoli cells, as well as other organelles, may also transport microtubules. Further, major microtubule nucleating sites localized in the peripheral cell-processes of Sertoli cells, suggested that this motor may transport microtubules from cell processes to the Sertoli cell trunk.
Kinesin was detected in Sertoli cells and its intensity changed in a stage-dependent manner. The most intense reaction was detected in Sertoli cells at stages VII-VIII when matured spermatids are released from the seminiferous epithelium. From stages IX-XIV, only a weak reaction was detected. At these stages, the outlines of the endoplasmic reticulum were positive, but the reaction of the microtubules was not definitely observed.
A notable observation was the restricted expression of kinesin at stages IX-XIV when elongating spermatids are taken into Sertoli cells. Then, at the later steps of spermatid development, kinesin reactivity was no longer detected. On the other hand, cytoplasmic dynein also localized in the ES at these elongating stages. In short, bidirectional motors transported the ES in opposite directions of one another. Two suppositions may explain this inconsistency. The first explanation is an "override hypothesis [25] " that says the force generation to the basal direction may override that to the apical one. Muresan et al. reported that when kinesin and cytoplasmic dynein exist on vesicles in vitro, plus-end motors override minus-end motors [25] . Thus, it is possible to postulate that the same phenomenon may occur during the transport of ES in Sertoli cells. Another explanation is the "activate/inactivate theory". Molecular activation mechanisms of kinesin and cytoplasmic dynein remain unclear, although it is accepted that these motors need receptors such as the dynactin complex [26, 27] and kinectin [28, 29] for activation.
Further, the question of how molecular systems regulate the transport of multiple organelles is yet unexplained. In the brain, various kinesin-like motors, kinesin superfamily KIFs, has been identified [30, 31] , and their roles in cells have been partially clarified. It has become obvious that some types of the family relate to respective organelles [32] [33] [34] , but the molecular family of cytoplasmic dynein has not been clearly identified intercellularly. However, cytoplasmic dynein is composed of multiple subunits, such as heavy chains, intermediate chains, light intermediate chains, and light chains [35] , and these subunits have some isoforms [26, 27, 36, 37] . While the functions of these isoforms remain unclear, these molecular variations, including KIFs, may relate to the regulation of various organelle transport systems.
